Electrochemical Preparation and Electrocatalytic Performance of Platinum Nanoparticles by 李艳艳
 
学校编码：10384                            分类号       密级          








Electrochemical Preparation and Electrocatalytic 
Performance of Platinum Nanoparticles 
李艳艳 
指导教师姓名：姜 艳 霞 教  授 
孙 世 刚 教  授 
专  业 名 称：物  理  化  学 
论文提交日期：2 0 1 3 年 6 月 
论文答辩时间：2 0 1 3 年 6 月 
学位授予日期：2 0 1 3 年   月 
                 答辩委员会主席：          
评    阅    人：          
 















Electrochemical Preparation and Electrocatalytic 




A Dissertation Submitted to the Graduate School of Xiamen 
University for the Degree of 





This work was carried out under the supervision of 
Prof. Yan-Xia Jiang 
Prof. Shi-Gang Sun 
At 
























































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 






















































































Noble metals Pt nanoparticles are widely used as catalysts in fuel cells, 
petrochemical industry and other important fields. Because of the poor resources and 
high prices of Pt, further improving their catalytic activity, stability and utilization 
efficiency has always been a key problem in hydrogen energy and other related fields. 
Therefore, studies of preparation and properties of Pt metal nanomaterials are recent 
hot research areas. 
In general, Pt nanoparticles can be synthesized by chemistry and 
electrochemistry method. High surface energy of nanoparticles and easy 
agglomeration lead to a low utilization efficiency of catalysts. To avoid agglomeration 
of nanoparticles, surfactants are often used as stabilizers in preparation, so that 
well-dispersed and small size nanoparticles can be obtained. Stabilizers can be 
adsorbed on the surface of nanoparticles, it can not only be a good regulation of the 
morphology of the nanoparticles, as well as to improve their dispersibility and the 
surface energy is lowered, so nanoparticles can exist stably. However, stabilizers 
takes up some surface sites of the nanoparticles and their catalytic activity is lowered. 
Although some effective physical and chemical methods can be used to remove 
stabilizers completely, new problems arise about the stability of the nanoparticles. 
While, electrochemical method can overcome this problem and the method is 
convenient, simple, clean, easy controlled, and save time, so it has good application 
prospects. 
In this thesis, different morphologies of platinum nanoparticles synthesized by 
different electrochemical methods and electro-catalytic performance for small organic 
molecules were also studied. This work on the one hand synthesized platinum 
nanocube using linear sweep voltammetry and loaded with carbon nanotubes, 
electrocatalytic oxidation for ethanol were also studied; on the other hand, we 
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electrodeposition method and studied its structure and catalytic properties. In addition, 
different morphologies were prepared through changing the different growth 
conditions by square wave electrodeposition method. The main research contents and 
corresponding results are integrated into the following three parts: 
(1) Platinum nanocubes were deposited on glassy carbon and loaded with 
multi-walled carbon nanotubes (MWCNTs) using linear sweep voltammetry, the 
method is simple and easy to control. Physical characterization results show that Pt 
nanocube is composed of small particles surrounded by the Pt(111) preferred 
orientation. Cyclic voltammetry curves show that Pt cubes exhibit a higher catalytic 
activity for the oxidation of ethanol than commercial Pt/C. Electrochemical in-situ 
FTIR spectroscopy results show that Pt nanocubes exhibited an onset potential shifted 
negatively by 168 mV than commercial Pt/C sample due to direct oxidation of ethanol 
to acetic acid at low potential. This work is significance for simple electrochemical 
method to prepare a higher catalytic activity of Pt nanoparticles. 
(2) Trapezohedral Pt nanocrystals enclosed by 24 high-index (522) facets have 
been successfully prepared for the first time in high yield by a direct square wave 
electrodeposition method. They exhibit a significantly enhanced catalytic activity for 
C-1 molecules, methanol, ethylene glycol. It also can be successfully loaded with 
MWCNTs and have high electrocatalytic activity for formic acid. 
(3) The octahedral Pt naoncrystal (NC) enclosed by 8(111) facets was prepared 
by square-wave electrodeposition method in H2PtCl6·6H2O precursor of 
electrolyte-free. The shape evolution of Pt NCs can be realized only by changing 
parameters of the precursor concentration and the growth potential in the same 
precursor and sulfuric acid electrolyte. Pt NCs of tetrahexahedral (THH) and 
hexoctahedron (HOH) with high-index facets were also synthesized. The catalytic 
properties of platinum nanoparticles of different morphologies were studied and they 
enhibited good catalytic activity for the oxidation of small organic molecules. 
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